Stress 


When things unravel, we call this “stress” 


But what exactly is stress? 
Is stress when the 
animal is unable to maintain homeostasis? 


Does a very “stressed” animal 
have a significantly perturbed 
milieu interieur? 


Is stress necessarily “bad”?! 


We need to define stress in a 
physiological context. 


Stress/Strain — Engineering 


e Stress is the force required to deform an object 
e Strain is the change in shape in response 
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Stress/Strain - Physiology 


Cannon (1929) developed the idea of physiological stress resulting in physiological 
strain 


| 


> a “critical stress level” produces a “breaking strain”. 
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Stress/Strain - Physiology 


But, in biology, “stress” is often used to describe the result (strain) rather than the 
cause (stress). 
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Stress/Strain - Physiology 


stress is the “physiological resultant of demands that exceed an organism’s regulatory 
capacities” (= strain), and the cause of the perturbation is the stressor (= stress). 
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i.e. the terminology is confusing! 


Physiological Stressors 


There are many kinds of environmental or endogenous changes (stressors) e.g. 
ambient water osmotic concentration. 


In response to a stressor, there is a change (stress) 


The animal’s regulatory system attempts to restore the milieu interieur away from 
high or low blood osmotic concentrations 


Is the “stress” bad? 
Not necessarily. 


Is this shrimp “stressed”? 
Not really. 


Should we call this “stress”? 
Probably not. But what? 
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“Tolerance” 


Animals are “comfortable” in the mid-range of their zone of tolerance — they survive. 


Regulators can still regulate so their internal 
environment remains homeostatic. 


Conformers have an insufficient passive 
change in internal conditions to perturb 
normal function. But they survive indefinitely. 


“Challenge” 


Animals are “challenged” at the edges of their zone of tolerance 
| 


Regulators can still regulate so their internal 
environment remains homeostatic. 


Conformers have an insufficient passive 
change in internal conditions to perturb 
normal function. 


They survive. 


Is this what we usually call “stress”? 


“Stress” 


Animals are “stressed” outside their zone of tolerance 


Regulators can no longer regulate so their internal 
environment degrades until they can no 


longer function. 


Conformers have a sufficient passive change in 
internal conditions that they can 


no longer function normally. 


They will eventually die. 
It is just a matter of time. 


Physiological Stress/Strain 


Perhaps “tolerance” is when an animal responds to a 
disturbance but is still able to maintain homeostasis? 


Perhaps “challenged” is when the milieu interieur is 
significantly perturbed (“strained”) but is not lethal? 


Perhaps “stressed” is when the milieu interieur is so 
perturbed (“strained”) that it is lethal? 


Even these definitions have problems! 


Stress example 1: 
Male die-off in Antechinus stuartii 


Male A. stuartii (a small dasyurid 
marsupial) have complete annual 
mortality after breeding — semelparity. 


Their reproductive drive is the stressor. 
Elevated blood free cortisol is an indicator of stress. 
Stresses (strains) are 
muscle wasting 
immuno-suppression 
GI ulceration 
adrenal cortex degeneration 
Death is the endpoint. 


Stress example 2: Hypoglycaemia in 
Silvereyes 


If marri fail to flower, there is a low food 
availability (Feb-Mar-Apr) - low nectar supply. 


This is a stressor (raises plasma cortisol) 
The strains are dehydration and low blood glucose 


These strains can be fatal through a seriously 
perturbed milieu interieur. 


Stress example 3: Heliothermic Lizards 


Stressors 
Dehydration 
High sodium levels 


Starvation 
NASA/IPAC 


Low body condition 


Stress (strain) - lower preferred T, 
when stressed. 


Stress example 4: Dehydrated 
amphibians 


Stressor (dehydration) increases 
body fluid OC (osmotic milieu interieur) 


Dehydration 
Hyper-natraemia 


But they survive! 


Is this a stress or 
a challenge? 
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